In this paper, we studied the light baryon resonances spectrum within a relativistically quark model based on Dirac equation and generalized Gürsey Radicati mass formula (GR). For exact solving of the Dirac equation for our proposed hypercentral confining potential analytically, we used the Ansatz approach. The results of our model show that the light baryons spectrums are fairly well reproduced, thanks to the flavor-dependent interaction. The overall good description of the spectrums which we obtain shows that our model can also be used to give a fair description of the energies of the negativeparity resonance and excited multiplets, at least up to 3 GeV. Eventually, we compare the results obtained from our model with the corresponding results of the Schrödinger equation for the Coulombiclike term plus a linear confining term and we found out that our model has certainly improved the results of the non-relativistic model.
INTRODUCTION
The baryons spectrum is usually described quite well by different constituent quark models (CQM) (Bijker et al., 1994; Aiello et al., 1996; Dziembowski et al., 1996; Benmerrouche et al., 1996; Capstick and Isgur, 1986) , which have in common the three constituent quark spatial degrees of freedom and the underlying SU(6) spin-flavor structure. However, they differ for the chosen potential, that is, for the wave functions, and in particular, also for the way in which the SU(6) symmetry is broken. What different models have in common is the fact that the three-quark interaction can be separated in two parts: the first one containing the confinement interaction is spin and flavor independent and it is therefore SU(6) invariant, *Corresponding author. E-mail: nssalehi@yahoo.com. 14.20 .Gk baryon resonances; 11.30.Hv flavor symmetries in particles and fields; 12.39.Ki Relativistic quark model; 11.30.Ly other internal and higher symmetries in particles and fields.
PACS numbers:
while the second violates the SU(6) symmetry (Gunnar et al, 2000 , Gunnar 2001 Alexandrou et al., 2003) . In this paper, we study the symmetries of the baryon spectrum using a very simple approach based on the Gürsey Radicati mass formula (GR) (Gürsey and Radicati, 1964) . It is well-known that the baryon spectrum exhibits an approximated SU(6) symmetry and that the GR mass formula, despite its simplicity, describes the way this symmetry is broken quite well, at least in the lower part of the baryon spectrum. Our idea is to build up a very simple model based on the GR mass formula, to fix the parameters of the model in a way to obtain the best description of the baryon spectrum and thereafter use the model to give predictions for the masses of the other hadronic systems.
In this paper, the model we applied to obtain the best description of the light baryons spectrum is a simple CQM where the SU(6) invariant part of the Hamiltonian is the same as in the hypercentral constituent quark model (hCQM) (Salehi and Rajabi, 2009) and where the SU(6) symmetry is broken by a generalized GR mass formula. Since light baryons consisting of light quarks (u, d) are relativistic systems, we have to use Dirac equation to study a baryonic system with total spin . The main points of our model are the form of confining potential and the calculation of the mass spectrum in the relativistic limit. The old but rich potential model is still an attractive basis to work on in many branches of physics. The choice of the potential, however, is not unique and different potentials should be fit with the experimental data to find the suitable one. Depending on the potential, many numerical and analytical techniques have been proposed. Although, the numerical techniques are typically more reliable, the analytical techniques do have their outstanding features. More precisely speaking, the latter class is more obvious and provides us with a better understanding of physics of the problem. The analytical techniques can be divided into two main categories; the exact and approximate ones. The first class includes super symmetry quantum mechanics (SUSYQM for short), Nikiforov-Uvarov (NU) method, Lie groups and point canonical transformation (PCT) (Wei and Dong, 2010; Bagchi, 2000; Zarrinkamar et al., 2010; Zarrinkamar et al., 2011; Nikiforov and Uvarov, 1988) . In many other cases, particularly in three-dimensional cases where the centrifugal (inverse square) term is present, the problem cannot be exactly solved and approximate schemes are inevitable. The main methodologies of this group include the Pekeris-type approximations and the Ansatz solution. Within the former, the centrifugal term is replaced by an exponential-type term (or vice versa) Hassanabadi, 2011) . In the Ansatz approach, which is followed here, we introduce a solution consistent with the requirements of quantum mechanics and thereby the differential equation under study is solved Hassanabadi, 2011) . Roughly speaking, we see these analytical tools in all wave equations of quantum mechanics as in many cases, the relativistic or non-relativistic equations appear as Schrödinger-like equation Hassanabadi, 2011) .
In this paper we highlighted the hypercentral coordinates and introduced the interaction potentials between three quarks in baryons and then we presented the analytical solution of the Dirac equation for hypercentral confining potential. We also introduced the generalized GR mass formula for the hCQM; then, we gave the results obtained by fitting the generalized GR mass formula parameters to the light baryon resonances energies and compared the spectrum with the experimental data. The results were discussed at end of the study.
SOLVING THE DIRAC EQUATION FOR HYPERCENTRAL CONFINING POTENTIAL BY USING ANSATZ METHOD
To describe the baryon as a bound state of three Salehi and Rajabi 2415 constituent quarks, we defined the configuration of three particles by the Jacobi coordinates and as (Giannini et al., 2002; Fabre de la Ripelle, 1983 ):
( 1) or, equivalently, . Also,
where m 1 , m 2 and m 3 are the current quark masses. Instead of and , one can introduce the hyperspherical coordinates, which are given by the angles and together with the hyperradius, x, and the hyperangle, , defined, respectively by:
With the hyperspherical coordinates, the Laplacian in the kinetic energy formula for a six-dimensional space becomes (Rajabi, 2005; Tolstikhin and Nakamura, 1998) : (4) where is the total angular moment operator and its eigenvalues are , where is the grand angular quantum number, and is given by , and are the angular momenta associated with the and variables. In the hCQM, the quark potential is assumed to depend on the hyperradius x only, that is, to be hypercentral. In this paper, we choose the Killingbeck (1987) potential form for our confining potential, which involves three hypercentral interacting potentials: the six-dimensional hyperCoulomb potential which is attractive for small separations ( ), for large separations, a, hyperlinear term gives rise to quark confinement ( ) and the six dimensional harmonic oscillator potential, which has a two-body character ( ). Therefore, we consider a potential in terms of the hyperradius, x, as follows: (5) where a, b and are constants. Note that in writing the potential relation in the aforementioned form, we have neglected the center of mass motion. In terminology, the potentials and are called vector and scalar hypercentral potentials, respectively. The reason is that the potential bracketed with the mass and the vector potential goes with the energy in the Dirac equation. We have regarded the case , since the potential relation has in general the form , where
The parameter e can take any value. We take it to be equal to 1. For , there is an exact SU(2) symmetry, and hence, there is a spin-orbit doublet degeneracy (Smith and Tassie, 1971; Bell and Ruegg, 1976) , as it was studied by Ruegg (1976, 1975) . For , the potential is scalar only (Tegen et al., 1982 (Tegen et al., , 1983 .
In this paper, baryons involving 3-quarks with spin are studied. By representing the mass and energy of one quark, respectively by and , the corresponding Dirac equation is written as: (6) where and . is the total wave function for a baryonic system where determines the number of the nodes of the wave function. Note that in obtaining the aforementioned equation the three quarks have been assumed to be of both equal rest mass and energy. For the up component of the wave function, we have:
By inserting Equations 4 and 5 into Equation 7, we will find the following equation:
It should be noted that .
Therefore, one can find that:
We choose as follows:
and suppose the following form for the wave function:
where are power series of the form:
and are polynomials which depend on the form of interacting potentials:
(13) 
On the other hand, as the up component of the relativistic wave function is:
substitution of and into Equation 15 results in:
and the down component of the wave function can be found as: (17) where is the unit vector in the hypersphere space and is the normalization constant. Therefore, the total wave function for is:
wave function for and is obtained as follows:
ALGEBRAIC

MODEL FOR LIGHT BARYON RESONANCES MASSES
The description of the baryons spectrum obtained by the 
Potential
Physical restriction g(x)
hCQM is fairly good and comparable to the results of other approaches, but in some cases, the splitting within the various SU(6) multiplets are too low. This is particularly true for the higher states. The preceding results (Salehi and Rajabi, 2009; Giannini et al., 2001; Hassanabadi and Rajabi (2009) show that both spin and isospin dependent terms in the quark Hamiltonian are important, but they are not the only source of SU (6) violation. The well-known GR mass formula contains a flavor dependent term and description of the splitting within the SU(6) baryon multiplets is provided by this mass formula (Gürsey and Radicati, 1964 ):
where M 0 is the average energy value of the SU(6) multiplet, C 2 [SU S (2)] and C 2 [SU I (2)] are the SU(2) (quadratic) Casimir operators for spin and isospin, respectively, and C 1 [U Y (1)] is the Casimir operator for the U(1) subgroup generated by the hypercharge Y. This mass formula has been tested to be successful in the description of the ground state baryon masses; however, as stated by the authors, Equation 20 is not the most general mass formula that can be written on the basis of a broken SU(6) symmetry. In order to generalize Equation 20, Giannini et al. (2005) considered a dynamical spin-flavor symmetry SU SF (6) and wrote the following chain of subgroups (Giannini et al., 2005) :
where in the bottom row we report the quantum numbers which label the irreducible representations of the corresponding groups. Therefore, the y described the SU SF (6) symmetry breaking mechanism by generalizing Equation 20 as: (22) In Equation 22, the flavor term denotes the flavor dependence of the interactions, the spin term represents spin-spin interactions and the SU SF (6) term depends on the permutation symmetry of the wave functions, represents "signature-dependent" interactions. The last two terms represent the isospin and hypercharge dependence of the masses. We shall therefore make use of the following three quarks Hamiltonian:
with and Therefore, the mass of each baryon state can be written as: (24) For calculating the light baryons spectrum, we regarded the SU(6) invariant part of the hCQM, which provided a good description of the baryons spectrum and used the GR inspired SU(6) breaking interaction to describe the splitting within each SU (6) where is the constituent quarks mass. In order to simplify the solving procedure, the constituent quarks masses are assumed to be the same for all the quark flavors ( ) (Giannini et al., 2005) . Algebraic model for light baryon resonances masses, we determined eigenenergies by exact solution of the Dirac equation for our proposed hypercentral potential (Equation 5 ) and the expectation values of the Casimir operators in Equation 25, were reported in our previous work (Salehi et al., 2011) . In this work, we do not consider interaction terms that mix the spatial and internal degrees of freedom. Therefore, the model is expected to be unsuccessful at the description of all those observables, where an excellent description of the three quark wave function is crucial.
For calculating the baryons mass according to Equation 25, we need to find the unknown parameters. For this purpose, we choose a limited number of well-known light baryon resonances and express their mass differences using H GR and the Casimir operator expectation values: (26) It is easy to understand that for the description of the light baryons spectrum the D term in Equation 25 can be absorbed into an overall constant, and only relevant parameters are A, C and the combination (3B +E). We found the C parameter from Equation 26 and assumed that the quarks forming the baryon are of equal mass of . We determined in Equation 25 and and in Equation 14 and the two coefficients (A, E ) of Equation 25 in a simultaneous fit to the 3 and 4 star resonances of Tables 3 and 4 which have been assigned as octet and decuplet states. The fitted parameters are reported in Table 2 , while the resulting spectrums are as shown in Tables 3 and 4, column . In Tables 3 and  4, column , we show the numerical values of the calculated masses of baryons resonances by Giannini et al. (2005) , where they regarded the confinement potential as the Cornell potential (Coulomb-like term plus a linear confining term). The solution of the hypercentral Schrödinger equation with Cornell potential cannot be obtained analytically (Santopinto et al., 1998) ; therefore, Giannini et al. (2005) used the dynamic symmetry O(7) of the hyperCoulomb problem to obtain the hyperCoulomb Hamiltonian and eigenfunctions analytically as (Santopinto et al., 1998): (27) where is the radial quantum number that counts the number of nodes of the wave function. Then they regarded the linear term as a perturbation.
Comparison between our results ( ) and the experimental masses (Particle Data Group, 2010) show that our model has certainly improved the results of the model in Giannini et al. (2005) 
Conclusion
In this paper, we have shown that the generalized GR mass formula is a good parameterization of the baryon energy splittings coming from SU(6) breaking. The splittings are considered as perturbations superimposed to the SU(6) invariant levels, which, in our approach, are given by the hypercentral three quark potential. For reproducing the baryons resonances spectrum in relativistic model, we calculated the energy eigenvalues by exact analytical solution of the Dirac equation for our proposed confining potential. Then, we fitted the generalized GR mass formula parameters to the baryons energies and calculated the light baryon masses according to Equation 25. The overall good description of the spectrum which we obtain shows that our model can also be used to give a fair description of the energies of the excited multiplets at least up to 3 GeV and not only The column contains our calculations with the parameters of Table 2 and the column Mcalc shows the calculations of Giannini et al. (2005) .
